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The present invention relates to a process for the 
removal of C0 2 and/or H 2 S from gases by means of an aqu ous 
methyldiethanolamine-containing absorption liquid. 

It has been disclosed, for example in German 
Patent 2,551,717, that C0 2 and/or H 2 S can be removed from 
gases by means of aqueous solutions of alkanolamines . 
Although the conventional method is very cost-efficient, it 
is not satisfactory in every case. 

It is an object of the present invention to 
provide a process for the removal of C0 2 and/or H 2 S from 
gases, which can be operated with lower energy consumption 
and capital costs. 

It has now been found that this and other objects 
and advantages are achieved, in accordance with the 
invention, by a process for the removal of C0 2 and/or H 2 S 
from gases containing C0 2 and/or H 2 S by means of an aqueous 
alkanolamine-containing absorption liquid, which process 
comprises the steps of: 

(a) treating a gas containing C0 2 and/or H 2 S, in a 
first absorption stage, at from 40 to 100°C, with an aqueous 
absorption liquid containing from 20 to 70% by weight of 
methyldiethanolamine? 

(b) feeding the gas obtained at the top of the first 
absorption stage to a second absorption stage in which, to 
effect further removal of C0 2 and/or H 2 S, it is treated at 
from 30 to 90°C with an aqueous absorption liquid which 
contains from 20 to 70% by weight of methyldiethanolamine 
and has a lower content of C0 2 and/or H 2 S than the 
absorption liquid fed into the first absorption stage; 

(c) taking off the treated gas at the top of the second 
absorption stage; 

(d) feeding the aqueous absorption liquid obtained at 
the bottom of the second absorption stage and preladen with 
CO- and/or H~S to the top of the first absorption stage? 
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(e) letting down the aqueous absorption liquid obtained 
in the lower part of the first absorption stage and laden 
with C0 2 and/or H 2 S in two or more flash stages in order to 
regenerate it, the final flash stage being operated under 

5 reduced pressure; 

(f) recycling a stream of absorption liquid obtained at 
the bottom of the final flash stage to the first absorption 
stage ; 

(g) feeding a further stream of absorption liquid 
10 obtained at the bottom of the final and/or penultimate flash 

stages to a stripping zone for further regeneration; and 

(h) recycling the regenerated absorption liquid 
obtained at the bottom of the stripping zone to the second 
absorption stage. 

15 In an advantageous embodiment of the process, in 

order to compensate for water losses due to water present in 
the gas streams taken off at the top of the second 
absorption stage and/or from the flash stages and/or from 
the stripping zone, an amount of steam corresponding to the 

20 water loss is fed in at the bottom of the penultimate flash 

stage . 

In another preferred embodiment of the process, 
the reduced pressure in the final flash stage is produced by 
means of a steam ejector. It may be advantageous if the gas 

25 taken off at the top of the final flash stage is fed, 

together with the steam used to operate the steam ejector, 
to the bottom of the penultimate flash stage. 

By operating the final flash stage under reduced 
pressure, a regenerated absorption liquid having a lower 

30 C0 2 and/or H 2 S content is obtained, so that it is possible 

to circulate smaller amounts of absorption liquid. This 
results in corresponding savings in energy consumption for 
transporting the absorption liquid. At the same time, this 
procedure permits the use of less complicated apparatus. 
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with the result that capital costs can also be reduced. 
Another advantage of the process is that water losses which 
arise in the gas washers as a result of water being present 
in the gas streams taken off at the top of the second 
absorption column and from the flash chambers and the 
stripper can be compensated for by feeding in at the bottom 
of the penultimate flash stage an amount of steam 
corresponding to the water loss. As a 
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result of this procedur , 1t is possible not only to regu- 
late the water balance of the gas washer but at the same 
time to control the heat balance of the said unit, s 
that a heat exchanger present 1n the gas washer for regu- 
lating the heat balance can be smaller or, 1f appropriate, 
completely dispensed with. 

Examples of gases treated by the novel process 
are coal gasification gases, coke oven gases, natural 
gases and synthesis gases. 

The gases have a C0 2 content of in general from 
1 to 9.0, preferably from 2 to 90, and particularly from 
5 to 60, mol X. In addition to the C0 2 , the gases can 
contain H 2 $ as a further acidic gas, or can contain H 2 S 
alone, for example In amounts of a few mol ppm, eg. from 
1 mol ppm to 50 mol %, preferably from 10 mol ppm to 
40 mol X. 

The solvent used for the process according to the 
invention- 1s an aqueous absorption liquid containing from 
20 to 70, preferaoly from 30 to 65, and in particular from 
40 to 60, X by weight of methy ld1 ethano lami ne . Advan- 
tageously, an aqueous me t hy ld1 e t nano lami ne solution 1s 
.employed, for example an aqueous solution of technical 
grade methy ld1 e th ano lami ne . In an advantageous embodiment 
of the process, the aqueous methy Idi ethano lami ne solution 
used additionally contains from 0.05 to 1, in particular 
from 0.1 to 0-8, and especially from 0.1 to 0.6, mole/l 
of a primary amine or a l k ano.lami ne , such as monoethanol- 
amine, or preferably a secondary amine or a I kano I ami n e , 
advantageously methy imonoethano lami ne, very particularly 
advantageously piperazlne. 

The aqueous absorption liquid containing from 20 
to 70% by weight of methy Idi ethano lami ne can additionally 
contain a physical solvent. Examples of suitaole physical 
solvents are N-methy Ipy rroli done, tet ramethy lene sulfone, 
methanol, oligoethyl ene glycol dialkyl ethers, such as 
ougoethylene glycol methyl isopropyl ether (SEPAS0LV MPEf 
or oligoethylene glycol dimethyl ether CSELEXOLf. The 
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physical solvent is present in the aosorption liquid in 
general in an amount of from 1 to 60, preferably from 10 
to 50/ in particular from 20 to 40, % by weight. 

The novel process is carried out as follows: the 
5 gas containing CO^ and/or H 2 S is first treated, in 

the first absorption stage, with the me t h y I di e t h a no I ami n e- 
containing absorption liquid, the temperature maintained 
in the first absorption stage being from 40 to 100°C, 
preferably from 50 to 9Q°C, in particular from 60 to 

10 90°C. Advantageously, the gas being treated is fed into 
the lower part of the first absorption stage, preferaoiy 
into the lower third, count e r cu r r en t to the absorption 
liquid, which is advantageously introduced into the upper 
part of the first absorption stage, preferably into the 

15 upper third. The gas obtained at the top of the first 
absorption stage is fed to a second absorption zone in 
which, for further- removal of C0£ and/or H2S, i c is 
treated, at from 30 to 90°C, preferably from 40 to S0°C, 
in particular from 50 to 80°C, with the methy Idi ethanol- 

2.0 amine-containing absorption liquid which has a tower 
content of CO^ and/or than that of the absorption 

liquid fed to the first absorption stage. Regarding the 
second absorption stage, too, the gas being treated is 
advantageously fed into the lower part, preferably into 

25 the Lower third, of the second aosorption zone, counter- 
current to the absorption liquid, which is advantageously 
introduced into the upper part, preferably into the upper 
third, of the second absorption zone. The product gas 
13 taken off at the top. of the second absorption zone. 

30 The aqueous absorption liquid which is obtained at the 

bottom of the second absorption stage and is preladen witn 
CO2 and/or H2$ is fed to the top of the first absorption 
stage. In general, pressures of from 5 to 110, preferably 
from 10 to 100, in particular from 20 to 90, oar are 

35 employed in the first and second aosorption stages, and 
the pressures in these two stages may differ from one 
another. In general, however, the first and second 
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absorption stages. are operated under th same pressure, 
or essentially the same pressure, the pressure differences 
occurring as a result of, for example, the pressure loss 
resulting in the absorption stages. The absorption stages 
5 used are advantageously absorption columns, in general 

packed columns or columns equipped with trays. The absorp- 
tion liquid laden with the acidic gases C0 2 and/or H 2 $ 
is taken off in the lower part of the first absorption 
zone, preferably in the lower third, in particular ac the 

10 bottom of this absorption zone. 

Thereafter, the laden absorption liquid obtained 
from the first absorption stage is regenerated by being 
let down in not less than 2, advantageously from 2 to 5, 
preferably 2 or 3, flash stages, the final flash stage 

15 being operated under reduced pressure, and, if necessary, 
the water losses of the system as a resu.lt of water being 
present in the gas streams taken off at the top of the 
second absorption stage and from the flash stages and 
stripping zone are compensated for at the same time by 

20 feeding in at the bottom of the penultimate flash stage 

an amount of steam corresponding to the water loss. Pre- 
ferably, the pressure in the final flash stage is maintained 
at from 0.3 to aoout 1, preferably from 0.5 to about 1, in 
particular from 0.6 to about 0.9, bar. Suitable apparatuses 

25 for producing the reduced pressure in the final flash stage 
are the apparatuses conventionally used for generating redu- 
ced pressure, for example mechanical apparatuses, such as 
vacuum pumps or compressors, eg. screw-type compressors or cen- 
trifugal compressors, or steam ejectors; it may be advantageous 

30 to use mechanical apparatuses for generating reduced pressure. 

The temperatures used in the flash stages are in 
general from 35 to 100°C, preferably from 45 to 90°c, 
in particular from 55 to 85°C. 

To compensate for the water losses which arise 

35 in the process- as a result o+ water being present in the 
gas streams taken off at the top of tne secona aosorption 
stage and from the flash stages and the stripping zone, 
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an amount of steam corresponding to the water Loss is feo 
in, advantageously at the bottom of the penultimate flash 
stage. As a rule, the water present in the gas streams 
taken off is essentially removed as steam. Low pressure, 
5 medium pressure or high pressure steam, ie. steam under 
from 1.5 to 100 oar, can oe fed into the bottom of the 
penultimate flash stage. Preferably, low pressure steam, 
eg. under from 1.5 to 10, advantageously from 1,5 to 5," 
bar, is used, since this low pressure steam is generally 

10 cheaply available. 

The gas taken off at the top of the final flash 
stage can be released into the atmosphere, or can be mixed 
with the gas stream removed from the penultimate flash 
stage, and the mixture fed for further treatment. In an 

15 advantageous embodiment of the process, the reduced pres- 
sure in the final flash stage is produced by means of a 
steam ejector, and, advantageously, the gas taken off at 
the top of the final flash stage is fed, together with 
the steam used to operate the steam ejector, to the bottom 

20 of the penultimate flash stage. 

If the steam from the steam ejector is fed in at 
the bottom of the penultimate flash stage, the steam 
ejector is advantageously operated with the amount of 
steam required to compensate for the water losses of the 

25 process. However, it is also possible for the steam 

ejector to be operated with less than the amount of steam 
required to compensate for the water Losses, and for the 
amount of steam still required for this purpose additionally 
to be fed in at the bottom of tne penultimate flash stage. 

30 The steam ejector can be operated using medium pressure 

or high pressure steam, preferably meaium pressure steam, 
eg. from 5 to 20 bar, preferably from 5 to 10 bar. 

The penultimate flash stage is advantageously 
operated under a pressure of about 1 - 30, preferably about 

35 1 - 25, in particular about 1 - 20, oar. 

Flashing is advantageously carried out using 
flash chambers which can, for example, also be in tne 



- 7 - 0.2. 0050/37006 

form of columns. Thes flash chamoers need n t contain 
special baffles. However, It is also possible to use 
columns equipped with baffles, eg. packed columns. 

A gas stream which essentially contains the acidic 
5 gases C0 2 and/or H 2 S is obtained at the top of the 

final flash stage, and is advantageously either combined 
with the gas taken off at the top of the penultimate 
flash stage, or is fed, together with the steam for operat- 
ing the steam ejector, to the bottom of the penultimate 
10 flash stage. 

A stream of the absorption liquid which is obtained 
at- the bottom of the final flash stage and which, in the 
flash stages, has been freed from the acidic gases CO2 
and/or H 2 S to a substantial extent, advantageously to 
15 more than 50%, preferably to more than 60%, is then recycled 
to the first absorption stage as a wash liquid, and is 
advantageously introduced at the top of this absorption 
stage.- Another stream of absorption liquid which is 
obtained at the bottom of the final and/or penultimate 
20 flash stages is fed, for further regeneration, to a stripp- 
ing zone in which the acidic gases C0 2 and/or H 2 S still 
present in this stream are substantially stripped off. 
In a preferred embodiment of the procedure described 
above, the absorption liquid obtained at the bottom of 
25 the final flash stage is completely recycled to the first 
absorption stage, and a bleed stream of the absorption 
Liquid obtained at the bottom of the penultimate flash 
stage is fed to the stripping zone, for further regenera- 
tion. In another preferred embodiment, some of the aosorp- 
30 tion liquid obtained at the bottom of the final flash 
stage is recycled to the first absorption stage as a 
wash liquid, and a further bleed s.tream of the absorption 
liquid obtained at the bottom of the final flash stage 
is fed to the stripping zone, for further regeneration. 
35 However, it is also possio'le for a bleed stream of the 
absorption liquid obtained at the bottom of the final 
flash stage to be recycled to the first absorption stage 
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as a wash Liquid, and another bleed stream of tne adsorp- 
tion Liquid obtained at the bottom of the final flash 
stage, and a bleed stream of the absorption liquid ootamed 
at the bottom of the penultimate flash stage, to be re- 
5 cycled to the stripping zone, for further r egene ra t i oh • 
The stream recycled to the first absorption stage and 
that fed to the stripping zone are in a ratio of, in 
general, from 10:1 to 1:2, preferably from 5:1 to 1:1. 
'The gas stream obtained at the top of the stripping zone, 

10 and essentially containing CO2 and/or H 2 S * n addition 

to steam, can be removed from the system. However, it may 
also be advantageous to recycle this stream into the lower 
part, preferably into the lower half, in particular into 
the lower third, of the penultimate flash stage, in order 

15 to reduce the water losses of the system. The stripping 
zone used is advantageously a stripping column, in 
general a packed column, or a column equipped with trays. 
In general, the stripping col'umn is operated at from 85 
to 115°C, preferably from 85 to 110°C, in particular 

20 from 90 to -110°C. 

The regenerated absorption Liquid obtained at the 
bottom of the stripping zone is recycled to the second 
absorption stage, where it is advantageously introduced 
at the top. 

25 The two examples which follow illustrate the 

invention in more detail, the course of the process being 
shown di agrammati cal ly in Figures 1 and 2. 

In Figure 1, a gas containing CO2 and/or H?S, 
eg. a synthesis gas containing C0 2 as an acidic gas, 

30 is passed under supe r at mosphe ri c pressure, via Line 1, 

into the bottom of the first absorption column 2. At the 
same time, an absorption liquid comprising from 20 to 70% 
strength by weight aqueous methy Idi etnanolami ne solution 
is introduced, via line 5, at the top of the first absorp- 

35 tion column. The prewashed gas ootained at the top of 

the first absorption column is. introduced via Line 3 into 
the bottom of the second absorption column, for final 
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purification. An absorption liquid comprising from 20 
to 70% strength by weight aqueous methyldiethanolamine 
solution, which is ootained from the stripping column 22 
and is virtually free of acidic gases, 1s simultaneously 
5 Introduced at the top of the second absorption column, 
via line 20. The washed gas is taken off from the top 
of the second absorption column 6, via line 7. The aqueous 
absorption liquid which is obtained at the bottom of the 
second absorption colum-n and is preladen with acidic gases 

10 is combined with the absorption liquid obtained via lines 
12 and 13 from the final f l.ash stage 11, and the. combined 
liquids are then fed via lines 14 and 5 to the top of the 
first absorption column 2. The aqueous absorption liquid 
which is obtained at the bottom of the first absorption 

15 column 2 and is laden with C0 2 and/or H2S is regenerated 
oy being let down via line 4 into a first flash chamber 
8/ for example via a valve or, preferably, an expansion 
turbine. In this stage, an intermediate flash gas is 
lioerated from trie absorption liquid and is taken off via 

20 line 26 and combined with the gas removed from the final 
flash stage 11 via line 30. After they have passed the 
heat exchanger 27 and the separation vessel 28, the com- 
bined gas streams are taken off via line 25. Liquid which 
separates out in separation vessel 28 is removed via line 

25 18. If necessary, steam, eg. low pressure steam under 
2.5 bar, is passed via line 29 into the bottom of flash 
chamber 8, in order to compensate for the water losses 
in the system. At the bottom of the flash chamber 8, the 
absorption liquid which has been partially let down is 

30 taken off via line 9 and, in a first version of the pro- 
cess, with valve 16 closed and valve 17 o* pen, is let down 
completely via line 10 into a second flash chamber 11 in 
which reduced pressure down to, for example, 0.5 oar is 
maintained> for example by means of vacuum pump 15. This 

35 liberates a flash gas which is rich in acidic gas, this 
flash gas being removed at the top of the flash chamber 
11 via line 30 and being combined with the gas taken off 
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from the first flash chamber 8 via tine 26. Some of toe 

absorption Liquid which has been let down, and removed 

at the bottom of the flash chamber 11 via line 12, is 

recycled via lines 13 and 5 to the top of the absorption 

5* column 2, while the other part is introduced at trie top 

of the stripping column 22 via line 23. 

In a second version of the process, with valve 

17 closed and valve 16 open, some of the absorption liquid 

which has been partially let down, and removed via line 

10 9, is let down via line 10 into the second flash chamber 

11, and the other part is introduced, via lines 31 and 

23, at the top of the stripping column 22. In the second 

version, the absorption liquid which has been let down, 

and removed at the bottom of the flash chamoer 11 via line 

15 12, is recycled completely via lines 13 and 5 to the top 

of the absorption column 2. 

The regenerated absorption liquid oDtained at the 

bottom of* the stripping column 22 is. recycled, downstream 

of the heat exchangers 19 and 21, to the top of the second 

> 

20 absorption column 6, via line 20. The exit gas stream 
which contains C0 2 and/or HjS and is obtained at the 
top of the stripping column 22 is fed via line 24, advan- 
tageously to the lower part of the flash chamber 8, 
However, it is also possible for the said exit gas stream 

25 to be removed directly from the system, without being 
fed beforehand to the flash chamber 8. 

In another embodiment Ccf. Fig. 2), the procedure 
described for the first embodiment is followed, except 
that, instead of a vacuum pump, the steam ejector 15 is 

30 used for generating the reduced pressure in the second 
flash chamoer 11, the said ejector being supplied witn 
steam via line 32, for example in the amout required to 
compensate for the water losses of the system. The gas 
taken off at the top of the flash chamber 11 is fed, to- 

35 gether with the steam usea for operating the steam ejector 
15, to the bottom of the first flash chamber 8 via line 
33. 
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The Example which follows illustrates the invention. 

EXAMPLE 

The gas washer used is shown in Fig. 2 and com- 
prises two absorption columns connected in series/ two 
5 flash chambers connected in series, and a stripping column. 
In the absorption columns, 9800 kmol/h of a C0 2 -c ont a i n 1 ng 
synthesis gas are washed with a 50% strength by weight 
aqueous methyldieth*anolamine solution as the aosorption 
liquid. The synthesis gas to be treated is fed under 28 

10 oar to the bottom of the first absorption column. The 
gas to be. treated originates from a steam reformer and 
has the following composition: 
C0 2 1 3.3 vo L.% 

m CO 0.4 vol.% 

15 H 2 61 .0 vol.% 

N 2 20.0 vol.% 

CH 4 0.1 vol.% 

Ar 0.2 vol .% 

The temperature of the absorption liquid in- the 

20 feed to the first absorption column is 60°C, while that 
of the absorption liquid fed to the second absorption 
column is 75°C. The tre.ated synthesis gas taken off 
at the top of the second absorption column has the follow- 
i ng compos i t i on : 

25 C0 2 0-01 vol.% 

CO , 0.5 vol.% 

H 2 74.6 vol.% 

N 2 24.5 vol.% 

CH 2 0-2 vol.% 

30 Ar 0.3 vol.% 

The laden absorption liquid leaving the bottom 
of the first absorption column is let down to 5 bar in 
the first flash chamber. 1150 kmol/n of a flash gas are 
removed from the top of the first flash chamoer. The a b- 

35 sorption liquid taken off at the bottom of the second 
flash chamber is then let down into the second flash 
chamber, in which a pressure of 0.7 bar is maintained by 
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m ans of a steam ejector. About 37 4 of the let -down 
absorption liquid obtained at the bottom of the- second 
flash chamber is recycled to the first absorption column 
and th-e remaining part is regenerated in the stripping 
column and then recycled to the second absorption column 

Using the novel process, it is possible to use 
absorption columns with substantially smaller diameters 
and fewer trays, so that the capital costs for the gas 
washer can be substantially reduced. 
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The embodiments of the invention in which an 
exclusive property or privilege is claimed are defined as 
follows t 

1. A process for removing CO^ and/or H 2 S from a 
gas containing CC> 2 and/or H 2 S by means of an aqueous 
alkanolamine-con taining absorption liquid, said process 
comprising the steps of 5 

(a) treating a gas containing C0 2 and/or H 2 S, in a 
first absorption stage, at from 40 to 100°C, with an aqueous 
absorption liquid containing from 20 to 70% by weight of 
methyldiethanolamine ; 

(b) feeding the gas obtained at the top of the first 
absorption stage to a second absorption stage in which, to 
effect further removal of C0 2 and/or H 2 S, it is treated at 
from 30 to 90°C with an aqueous absorption liquid which 
contains from 20 to 70% by weight of methyldiethanolamine 
and has a lower content of C0 2 and/or H 2 S than the 
absorption liquid fed into the first absorption stage; 

(c) taking off the treated gas at the top of the second 
absorption stage; 

(d) feeding the aqueous absorption liquid obtained at 
the bottom qf the second absorption stage and preladen with 
C0 2 and/or H 2 S to the top of the first absorption stage; 

(e) letting down the aqueous absorption liquid obtained 
in the lower part of the first absorption stage and laden 
with C0 2 and/or H 2 S in two or more flash stages in order to 
regenerate it, the final flash stage being operated under 
reduced pressure; 

(f) recycling a stream of absorption liquid obtained at 
the bottom of the final flash stage to the first absorption 
stage; 

(g) feeding a further stream of absorption liquid 
obtained at the bottom of the final and/or penultimate flash 
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stages to a stripping zone for further regeneration; and 

(h) recycling the regenerated absorption liquid 
obtained at the bottom of the stripping zone to the second 
absorption stage. 

2. A process as claimed in claim 1, comprising 
the additional step of: 

(i) feeding an amount of steam corresponding to the 
water loss to the bottom of the penultimate flash stage in 
order to compensate for the water losses as a result of 
water being present in the gas streams taken off at the top 
of the second absorption stage and/or from the flash stages 
and/or from the stripping zone. 

3. A process as claimed in claim 1, wherein the 
reduced pressure in the final flash stage is produced by 
means of a steam ejector. 

4. A process as claimed in claim 3, comprising 
the additional step of: 

(j) feeding the gas taken off at the top of the final 
flash stage, together with the steam used for operating the 
steam ejector, to the bottom of the penultimate flash stage. 
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